Formal assessment of cognitive decline with cognitive tests can be difficult, requiring either two measurement points or a comparison of 'hold' with 'don't hold' tests. Informant-based assessment provides an alternative approach because informants can adopt a longitudinal perspective and directly rate cognitive change. A study was carried out to assess the validity of informant ratings collected by means of the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE). A community sample of 500 subjects aged 74 or over underwent four cognitive tests on two occasions 3^ years apart. On the second occasion, informants filled out the IQCODE. Subjects rated as having moderate or severe decline were found to have greater change on the cognitive tests. These findings support the validity of informant ratings of cognitive decline.
Introduction
The assessment of cognitive impairment and dementia has traditionally been carried out using cognitive tests. However, an alternative approach to assessment is to use reports from an informant about a patient's everyday cognitive functioning. There is now a range of scales available which quantify data from informants [1 -10] . Supporting the validity of these scales, they have been found to correlate with cognitive tests and to discriminate demented from non-demented subjects.
Cognitive assessment may focus either on a patient's current cognitive functioning or on decline in functioning from a previous level. An advantage of assessing cognitive decline, rather than current functioning, is that the influences of education, pre-morbid intelligence and cultural differences are discounted in the assessment. With cognitive tests, the measurement of decline strictly requires two or more measurement points and this is often difficult to attain. Although an indirect estimate of change is possible by comparing tests which hold up well in dementia with tests which are sensitive to cognitive decline, this approach is limited because even 'hold' tests show some decline [11] . With informant-based assessment, on the other hand, cognitive change can be easily measured at one point by asking the informant to rate change over a period of time. Informant scales have purported to assess change over various periods, including months [6] , a year [7] and a decade [3] . There is indirect support for the validity of informant ratings of cognitive change.
These ratings correlate with measures of current cognitive functioning, but not with indicators of premorbid functioning such as the amount of education or score on the National Adult Reading Test (NART) [12] . However, the validity of informant ratings of change has not been directly assessed against longitudinal change on cognitive tests.
The aim of this paper is to assess the validity of one informant scale, the Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE) [3] , as a measure of cognitive change. The IQCODE consists of 26 items covering a range of areas of everyday cognitive functioning. These items are rated for change over a 10-year period on a five-point scale from 1. Much improved through 3. Not much change to 5. Much worse. In the study reported, subjects underwent several cognitive tests at two time points separated by 3^ years. The cognitive tests were chosen to include tests sensitive to ageing and dementia, and a test resistant to these effects. At the second time point informants also completed the IQCODE. We postulated that the degree of cognitive change rated by the informants would be related to changes in scores on the cognitive tests.
Methods
The data are taken from a longitudinal study of elderly people carried out in the Australian city of Canberra and the adjacent town of Queanbeyan. The methods used in the first wave have been described previously [13] [14] [15] . Briefly, subjects aged 70 or over were sampled from the electoral roll and from a census of residential care facilities. Men were oversampled to give approximately equal numbers of men and women. For the subjects reported on here, the time lag between the two waves of the study averaged 3.6 years, with a range from 3.3 to 4.2 years.
Subjects: There were 1135 subjects who participated in the first wave. At the second wave, 283 of these had died and 26 could not be contacted, leaving 826 potential subjects. Of these 826, 123 (15%) refused, leaving 703 who participated. Not all of these subjects had an informant who could be interviewed. There were 500 subjects in the study who had data on cognitive tests at two time points and who were rated on the IQCODE at wave 2. The sample comprised 248 men and 252 women. The subjects had a mean age of 80 years, with a range from 74 to 102.
Informants: Each informant had known the subject for at least 10 years. There were a small number of informants who had known subjects less than 10 years, but their data were not used here. The informants were sons or daughters (43%), spouses (38%), friends (10%), sons-or daughters-in-law (5%), siblings (2%) and others (1%).
Cognitive Tests
Subjects were given the Canberra Interview for the Elderly (CIE), a standardized interview for the diagnosis of dementia and depression which can be administered by lay interviewers [16] . The CIE involves a range of cognitive items from which the following scales can be derived:
Mini-Mental State Examination (MMSE):
The MMSE is a short screening test for dementia [17] . It yields a score from 0 to 30, with 23 or below often taken as indicative of cognitive impairment.
Symbol-Letter Modalities Test:
This test has been described by Christensen et al. [13] . It is similar to the Digit Symbol Substitution sub-test of the Wechsler Adult Intelligence Scale-Revised [18] and the Symbol Digit Modalities Test [19] . Subjects are provided with a key linking ten symbols with letters of the alphabet. They have to call out the letters which go with a list of symbols as fast as possible. The raw score is the number correct in 90s. This raw score is converted to an IQ scale. The Symbol-Letter Modalities Test measures mental speed, an ability which declines with age [20] .
Episodic Memory Test: This test has been described by Jorm [21] . It consists of four elements: three-word recall, name and address recall, face recognition and figure reproduction. These are added together to give a score out of 16. Episodic memory performance is also known to decline with age [20] .
National Adult Reading Test: The NART consists of 50 irregular words which the subject reads aloud [22] . Raw scores are converted to an estimated IQ. Performance on the NART is known to hold up well in dementia.
Results
The IQCODE was scored by averaging ratings over the 26 items. Thus, scores could range from a minimum of 1.0 (much improved) to a maximum of 5.0 (much worse), with 3.0 indicating no change. Subjects were divided into five groups on the basis of their IQCODE scores: score of under 3.0, score of 3.0, score of over 3.0 but under 3.5, score of ^ 3.5 but under 4.0, and score of 4.0 or more. These groupings were chosen because they are based on defined points in the rating scale and to provide sufficient numbers in each group for analysis purposes. For ease of reference, these five groups are referred to by the following labels: improvement, no change, slight decline, moderate decline, severe decline. It should be noted that these groupings were chosen in advance rather than after an examination of the data. Alternative methods of grouping the IQCODE scores based on percentiles (e.g. quintiles) were not suitable because 30% of the subjects scored 3.0 on the IQCODE and a substantial number had scores close to 3.0. Table I shows the number of subjects in each group and the mean IQCODE score, age and years of education. In some of the analyses reported below the number of subjects is less than shown in the table because of missing data. Inspection of the mean ages in Table I shows that the moderate decline and severe decline groups were older, as would be expected. However, the groups were all similar in education.
The five groups were compared in terms of mean score on the MMSE, Symbol-Letter Modalities Test, Episodic Memory Test and NART at wave 1 and wave 2. Table II shows the results, together with the mean change score on each test and the 95% confidence interval (95% CI) of the change score. It can be seen that the improvement, no change and slight decline groups showed no change on the tests over the 3j years. However, the moderate decline and severe decline groups did decline on the MMSE, Symbol-Letter Modalities Test and Episodic Memory Test, with the largest change in the severe decline group. By contrast, scores on NART were relatively stable over the period. The only change was seen in the severe decline group and this change was small in magnitude.
The relationship between the IQCODE score and change on the cognitive tests can also be examined using Pearson correlation coefficients. The correlations were 0.39 with change on the MMSE, 0.29 with change on the Episodic Memory Test, 0.17 with change on the Symbol-Letter Modalities Test and 0.14 with change on the NART. Eliminating the subjects in the improvement group (with scores of less than 3), the correlations became 0.44 with change on the MMSE, 0.30 with change on the Episodic Memory Test, 0.20 with change on the Symbol-Letter Modalities Test and 0.14 with change on the NART. The magnitude of the correlations between the IQCODE and the change scores can be compared with the size of the correlations amongst the change scores themselves. These ranged from 0.36 for change on the MMSE with change on the Episodic Memory Test, to 0.05 for change on the NART with change on the Episodic Memory Test.
Discussion
The results support the validity of informant ratings of cognitive decline. Subjects whose average rating on the IQCODE was 4.0 (a rating of 'a bit worse') or greater were found to decline on the tests known to be sensitive to ageing and dementia, viz. MMSE, Symbol-Letter Modalities Test and Episodic Memory Test. They also showed a small decline on the NART, a test which is resistant to the effects of ageing and dementia. Subjects whose average rating on the IQCODE was between 3.5 and 4.0 (rated 'a bit worse' on most items) also showed greater decline on the cognitive tests, but not to the same degree as the first group. This group declined on the MMSE, Symbol-Letter Modalities Test and Episodic Memory Test, but showed no change on the NART. None of the other IQCODE groups showed any consistent change on the tests, including the group who were rated as improved by their informants. On the basis of the present data, 'improved' ratings appear to have no validity, although this may not be necessarily so in other situations such as therapeutic trials.
There are several potential limitations to our findings. Firstly, there are potential biases in the sample. There were refusals at both waves of the study, some of the subjects did not have informants, and some had missing data on the cognitive tests. However, the remaining sample did contain subjects with a wide range of scores on the IQCODE and there was considerable variation in performance on the cognitive tests. The sample therefore provided an adequate test of the validity of the IQCODE.
A second limitation is that the IQCODE asks about changes over a 10-year period, whereas the longitudinal cognitive test data spanned only 3^ years. With a longer observation period, the subjects who were rated with slight decline or improvement may also have showed some change. We hope to follow up the present sample in another 4 years which will give a clearer indication of the validity of ratings of mild change.
Another potential limitation is that differential rates of change such as those we have observed can result from scaling artefacts [23] . A major type of scaling artefact comprises ceiling and floor effects where a group of subjects cannot show change because they are scoring near the maximum or minimum possible on a test. However, ceiling and floor effects were not a problem in this study, except perhaps with the MMSE which is not designed to discriminate amongst subjects with higher levels of cognitive functioning. Moreover, the consistency of the results across a diverse set of tests argues against the operation of scaling artefacts.
A final potential limitation is that measurement of change over two occasions could be subject to regression towards the mean. Regression occurs when groups are defined in terms of scores on a particular measure and then the measure is repeated on a second occasion. However, the design of the present study was more complex than this. Groups of subjects were defined using the IQCODE and then change was measured on two occasions using other tests. Where the selection variable is separate from the variables used to measure change, regression towards the mean does not affect results except under special circumstances [24] .
Although this study examined the validity of the IQCODE using a sample from a general population, there is no implication that it would be useful in screening a general population. Because most elderly people show little or no cognitive decline, any attempt to apply the IQCODE routinely would find a low positive predictive value. In practice, the questionnaire would be more useful in clinical situations where cognitive decline is more prevalent.
In conclusion, our data show for the first time that informant ratings of cognitive decline, as assessed by the IQCODE, reflect longitudinal changes in cognitive performance. This approach to cognitive assessment can be used where change from pre-morbid functioning is of interest but longitudinal observations are not possible.
